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With few effective decision-making tools to assess the affordability of major weapon 
systems, management of total ownership costs is continually misunderstood. Cost analysis 
provides a quick and reliable assessment of affordability. Because there is no standardized 
method for calculating reliable estimates of operating and support (O&S) costs (the 
principal component of total ownership cost), this thesis formulates a parametric cost model 
which can be used to determine the annual O&S costs of U.S. Navy (non-nuclear) surface 
ships based on known (or assumed) physical characteristics and manpower expectations. 
Source data for the cost model is obtained from the Navy Visibility and Management of 
O&S Costs (VAMOSC) database, a historical cost database maintained by the Naval Center 
for Cost Analysis (NCCA). Through standard regression and data analysis techniques, cost 
estimating relationships are developed for three major cost drivers: ship light displacement, 
ship overall length, and ship manpower. The formulated parametric cost model is a top- 
level and fairly reliable representation of average annual O&S cost, and it can be used by the 
DoD cost community to perform component cost analyses or independent cost estimates. 
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EXECUTIVE SUMMARY 



Pentagon officials face hard questions regarding operating and support (O&S) costs 
as each military service feels the impact of significant budget cuts in overall defense 
spending, especially in modernization funding. With few effective decision-making tools 
available to assess the affordability of major weapon systems, managing total ownership 
costs is difficult. For the U.S. Navy, estimates show that about 64 percent of the life cycle 
cost for a surface ship is attributed to O&S costs. Cost analysis provides a quick and 
reliable assessment of these costs for surface ships. 

O&S cost estimates focus on the costs likely to be incurred by a major weapon 
system (such as a surface ship) under specified conditions. Although the cost analysis must 
consider historical costs, it should do more than merely extrapolate from past cost trends. 
The proper approach is to present normalized empirical data to show the relationship 
between an assumption and its related cost impacts. Because there is no standardized 
method for calculating reliable estimates of O&S costs — the principal component of total 
ownership costs — this thesis sets out to formulate a parametric cost model that can be used 
to determine the total annual O&S costs of U.S. Navy (non-nuclear) surface ships based on 
known (or assumed) physical characteristics and manpower expectations. 

Source data for the cost model was obtained from the Navy Visibility and 
Management of O&S Costs (VAMOSC) database, a historical cost database maintained by 
the Naval Center for Cost Analysis (NCCA). Data for 417 U.S. Navy surface ships 
spanning thirteen years was obtained and normalized to constant 1998 dollars. Battleships 
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and nuclear-powered ships were removed in order to achieve database parity. The class of 
battleships was removed because of its dissimilar hull construction with respect to all other 
ship classes, while removal of the classes of nuclear-powered ships was due to the (realized) 
higher maintenance and fuel costs as compared to conventional-powered ships (i.e., those 
with steam, gas turbine, or diesel propulsion plants). Ordinary least-squares regression and 
analysis of variance were performed in order to validate the assumption that total annual 
O&S cost was constant over time for a given ship class so that class-averaged cost data 
could be used. 

Through standard regression and data analysis techniques, cost-estimating 
relationships were developed for three major cost drivers: ship light displacement, ship 
overall length, and ship manpower. These specific parameters were relatively easy to 
capture as independent variables for the cost model, which can be used by the DoD cost 
community to aid in performing component cost analyses or independent cost estimates. 

The formulated cost model is a top-level and reliable representation of average 
annual total O&S costs. It should only be used for non-nuclear-powered ships. The cost 
model is specifically not intended to estimate the annual O&S costs of aircraft carriers, both 
conventional- and nuclear-powered (CVs and CVNs, respectively). Further, due to the 
limited scope of ship data available, it is recommended that this cost model be updated 
periodically in order to increase its reliability, effectiveness, and utility over time. 
Specifically, other cost drivers may need to be considered as should the development of a 
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more versatile cost model so that an estimate may be calculated for any U.S. Navy ship 
(including submarines and CVs/CVNs). 
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I. 



INTRODUCTION 



In the early 1980’s, the U.S. Navy began an effort to expand its fleet to 600 ships. 
This effort was initiated largely in response to an increased emphasis on the maritime role in 
the national military strategy as the Soviets embarked on a fleet expansion of their own. 
Towards the end of that decade, however, the Soviet Union began to collapse, signaling the 
end of the Cold War. Consequently, the attention of national military leaders was re- 
directed from the traditional “blue-water” threat to the littorals as new regional conflicts, for 
example Iraq’s invasion of Kuwait in 1990, arose. After the Cold War, Defense 
Department spending took a downward turn under bureaucratic assumptions that the need 
for American military forces would be enormously reduced and military infrastructure 
would be greatly consolidated (Davis, p.26). Today, with fleet expansion a thing of the 
past. Navy leaders look to fleet modernization in order to meet the diverse challenges of the 
future. 

The Navy stands at the threshold of a 21st-century revolution in the character and 
conduct of military operations through creative application of technology, innovative 
operational concepts, and new methods of organization. The bottom line is that the Navy 
must achieve 21st-century capabilities affordably in light of budgetary restrictions imposed 
by Congressional tightening of Defense Department purse strings. According to Chief of 
Naval Operations Admiral Jay L. Johnson, “...we must build our 21 st-century ships at a 
cost below historical averages if we are to maintain the force structure our country needs.” 
(Johnson, p.7) Cost, then, has become the primary factor in the decision-making process of 
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fleet modernization programs for the U.S. Navy, specifically, and for the Defense 
Department, generally. 

Over the next 10 years, the Department of Defense (DoD) plans to spend $260 
billion on several new weapon systems procured through major Defense acquisition 
programs (MDAPs). 1 These include three new fighter aircraft, a new attack submarine, and 
a new fleet of surface combatants. 2 Many of these weapon systems will cost at least twice 
as much to procure as the systems they are designed to replace, exacerbating concerns 
about their affordability. According to estimates from the Center for Strategic and 
Budgetary Assessments (CSBA), an independent federal agency, it is expected that the 
mismatch between Defense modernization plans and the DoD budget funding will amount 
to approximately $26 billion. The Center speculates that one of the reasons for the nearly 
10 percent budget gap is the Pentagon’s historic tendency to underestimate the costs of 
buying, operating and supporting its weapon systems. “It’s not just the eye-popping cost of 
new weapon systems that is squeezing the Defense Department, but the cost of operating, 
maintaining and then disposing of them.” (Peters, p. 1 5) 

To better manage these runaway costs. Pentagon officials must focus on the 
expenses associated with owning the weapons (i.e., the operating and support costs), not 



1 In order to be a MDAP, an acquisition program must either be designated by the Under Secretary of 
Defense for Acquisition and Technology (USD(A&T)) as such or estimated by the USD(A&T) to require 
eventual total expenditure for research, development, test, and evaluation of more than $355 million in 
FY96 constant dollars or, for procurement, a total expenditure of more than $2. 1 35 billion in FY96 constant 
dollars. 

2 Such new programs include the DD-2 1 Land Attack Destroyer, the C VX Next Generation Aircraft 
Carrier, and the LPD-17 class of amphibious assault ships. 
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just the initial purchase price. The Pentagon’s historic tendency has been to place primary 
emphasis on the areas of research, development and acquisition “...because they were tied 
to the budgets we were receiving, [and] people didn’t ask too many questions in the area of 
operations and support.” (Peters, p. 15) 

Now the hard questions regarding operating and support costs are being asked as 
the services feel the huge cuts in military spending, especially in modernization funding. In 
response, the Pentagon is embarking on renewed efforts to understand and reduce operating 
and support costs. Steven Kosiak, director of budget studies at CSBA, says, “By far the 
largest share of DoD’s budget is absorbed by [operating and support] costs.” For the Navy 
alone, estimates show that about 64 percent of the life cycle cost of a surface ship can be 
attributed to operating and support costs. In order to execute future modernization plans 
affordably, then, the Navy (and DoD as a whole) must understand and manage the total 
ownership costs of weapon systems. (Peters, p.16) 

Hence, there is a need for an effective decision-making tool that assesses the 
affordability of U.S. Navy surface ships in terms of operating and support (O&S) costs. In 
the absence of a standardized method for calculating a reliable O&S cost estimate, this 
study establishes a procedure which can be used to determine the annual O&S costs of non- 
nuclear surface ships based on known (or assumed) physical characteristics and manpower 
expectations. The cost model is parametric in that a statistical approach is used to estimate 
the functional relationships between cost and some major cost drivers. 
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Generally, the bigger the ship, the more expensive it is to operate and support. Ship 
size characteristics, such as light displacement, length overall, and manpower, are relatively 
easy to capture as independent variables for the analytical determination of their functional 
impact on the dependent variable, total annual O&S cost. These three particular 
parameters are chosen due primarily to their ready availability and, as will be shown, their 
sensible functional forms. Moreover, manpower tends to have . .the most dramatic effect 
on determining O&S costs.” (Ting, p.iii) 

Once validated and documented, the cost model will provide budget planners and 
decision-makers with a fairly accurate and robust estimate of what it might cost to operate 
and support a ship, new or otherwise, from year to year. Further, the cost model can be 
used by the Naval Center for Cost Analysis (or any other agency in the Navy cost 
community) to aid in performing component cost analyses (CCAs) or independent cost 
estimates (ICEs) for new ship acquisition programs. 
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n. BACKGROUND 



Background research and literature review was conducted in preparation for the 
formulation of the operating and support cost model. In this chapter, four key topics are 
examined in order to provide a better understanding of this area of study: (1) the nature of 
operating and support cost estimating; (2) current research and application of related cost 
models; (3) the Naval Center for Cost Analysis and its role in cost estimating; and (4) a 
description of the Visibility and Management of Operating and Support Costs database used 
for the development of the U.S. Navy surface ship cost model. 

A. OPERATING AND SUPPORT COST ESTIMATING 

Discussion on operating and support (O&S) cost estimating is obtained from the 
Operating and Support Cost Estimating Guide prepared by the Office of the Secretary of 
Defense (OSD) Cost Analysis Improvement Group (CAIG). As delineated in DoD 
Instruction 5000.2M and DoD Directive 5000.4, the OSD CAIG acts as the principal 
advisory body to acquisition milestone decision authorities on cost-related issues. The 
guide prepared by OSD CAIG is for use by all DoD components, and, as stated explicitly in 
the manual itself, “should be considered the authoritative source document for preparing 
O&S cost estimates.” 3 

The life cycle cost (LCC) estimate is an important tool for measuring affordability. 
For major Defense acquisition programs (MDAPs), the LCC is composed of all costs 



3 DoDD 5000.4 gives CAIG the authority for establishing criteria and procedures for preparing and 
presenting cost estimates of major weapon systems requiring a Defense Acquisition Board (DAB) review. 
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related to a major weapon system during its life span; these include research and 
development (R&D), production, operating and support (O&S), and disposal 4 costs. O&S 
costs typically exceed both R&D and production costs over a system’s useful life (see 
Figure 1). Therefore, in assessing the total costs of two competing systems, the cost of 
operating and supporting each system should be a primary consideration. Moreover, 
independent review and validation of O&S cost estimates is critical for informed decision- 
making on the procurements of major weapon systems that will require a financial 
commitment to O&S cost demands for many years into the future. 




Figure 1. Illustration of Life Cycle Cost Component Distributions Within the Total 
Cost of a Major Weapon System. (OSD CAIG) 



1 Disposal costs include those expenditures associated with deactivating or disposing of a major Defense 
system after its useful life. 
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The LCC estimate, which is required to support the Planning, Programming, and 
Budgeting System (PPBS) among other things, serves as the basis for a program office’s 
budget submittal in support of specific milestone requirements for a MDAP. In order to 
test the reasonableness of the program office’s estimate (POE) for LCC, an independent 
agency within the DoD cost community prepares a component cost analysis (CCA) or 
independent cost estimate (ICE). The CCA/ICE functions as a crosscheck of the POE at 
each acquisition milestone decision. These independent estimates serve as a type of 
“sufficiency” review (in terms of evaluating the cost estimating methodology used and the 
extent for which critical cost factors are accounted). 

The typical independent cost estimating process (see Figure 2) involves the creation 
of a cost Integrated Product Team (IPT) to discuss the scope of the CCA in order to 
develop the military branch Service Cost Position (SCP). The scope will be tailored to the 
needs and circumstances of the MDAP and range from the traditional “full-up” independent 
CCA, to an independent estimate of high cost/high risk elements, or an assessment of 
various POE methodologies. This process allows for close interaction of the cost centers 
with their service’s comptroller staff and the designated program office in developing the 
SCP. 

The OSD CAIG evaluates the CCA against its own ICE for the MDAP. 5 Following 
its review, the CAIG submits its cost position to the Defense Acquisition Board (DAB), a 
senior DoD corporate body for major weapon systems acquisition that provides advice and 

5 Generally, the ICE highlights only those elements of cost which contain a degree of risk that needs to be 
addressed. 
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assistance to the Defense Acquisition Executive (the Under Secretary of Defense for 
Acquisition and Technology) and the Secretary of Defense. The DAB makes the “go/no- 
go” decision for each program milestone based on the cost position and several other 
factors. 

O&S cost estimates focus on the costs likely to be incurred by a major weapon 
system under specified conditions. Although the cost analysis must consider historical 
costs, it should do more than just extrapolate from past cost trends. The proper approach is 
to present normalized empirical data to show the relationship between an assumption and its 
related cost impacts. This thesis begins with such an approach. 




The objective of this study is to develop a robust O&S cost-estimating methodology 
for U.S. Navy (non-nuclear) surface ships that will generate a fairly accurate and reliable 
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O&S cost estimate for most new ship acquisition programs. The usefulness of the O&S 
cost estimate is determined by the definition of how the proposed major weapon system (in 
this case, a new ship) will be operated, maintained, and supported in peacetime. Hence, the 
assumptions, ground rules, and cost-estimating methodologies for both the reference and 
proposed system should be similar. This will enable the cost analyst to pinpoint differences 
in resource consumption that arise from differences in weapon system characteristics. 

B. CURRENT RESEARCH AND APPLICATION 

A Naval Postgraduate School thesis entitled Estimating Operating and Support 
Cost Models for U.S. Naval Ships by Chung-wu Ting (1993) analyzed O&S costs for U.S. 
Navy surface combatants using a combined database from three different sources. 6 Ting’s 
thesis employed both accounting and structural methods to understand and authenticate the 
combined database and to determine basic relationships among O&S cost components. His 
accounting-oriented analysis used regression to model the constructive relationships among 
the data and determine its quality. He determined the combined database to be “. . .relatively 
accurate with the exception of nuclear submarines (SSNs) and nuclear aircraft carriers 
(CVNs).” (Ting, p. iii) His structural analysis set out to find relationships between O&S 
costs and the factors that affect it using structural equations, which revealed that, with 
exception to overhaul cost, there were strong relationships among the selected factors. The 
most significant of these factors, manpower, was found to have “the most dramatic effect 



6 As described in the reference, the database was constructed from three major sources: (1) Visibility and 
Management of Operating and Support Cost - Ships (VAMOSC-SHIPS), March 1991; (2) NAVSEA 
Historical Cost of Ships, Naval Sea Systems Command, Cost Estimating and Analysis Division; and (3) 
Jane’s Fighting Ships, 1988-1989. 
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on determining O&S costs.” (Ting, p. iii) With respect to ship overhaul, Ting further 
suggested that the cost factor — overhaul — should be analyzed separately due to differences 
imposed by a 1985 policy revision to ship overhaul procedures on the calculation of 
overhaul costs. With his final objective to “provide a useful database for modeling the 
effects of changes in operational tempo upon O&S costs,” he concluded that “generally 
speaking, the observations in this data set are valid for any further research except for 
certain types of ships (e.g., CVN and SSN).” (Ting, p. 4, 59) 

Three other studies cited in Ting’s thesis are mentioned here for the purpose of 
illustrating an apparent lack of more extensive research or application of an O&S cost 
estimating methodology like the one proposed by this thesis. One study, conducted by 
Terasawa, Gates and Shin (1993) categorized the same combined database used by Ting 
into eleven groups. The authors found that serial correlation and heteroscedasticity posed 
statistical problems for determining relationships among O&S costs. Another study, which 
also identified serial correlation, was conducted by the Institute for Defense Analyses 
(1989). Like Ting’s study, differing ship overhaul costing procedures were identified as 
causing otherwise unexplainable statistical variations. Lastly, research from the Rand 
Corporation (1990) used averaged annual O&S cost data to develop a statistical model for 
U.S. Air Force aircraft. This model became the structural basis for the aggregate part of 
Ting’s study, which modified the data for use with U.S. Navy surface ships. 

The Surface Combatant for the 21 st Century { SC-21) concept (now referred to as 
Destroyer for the 21 s ' Century or DD-21) provided the framework for a major surface 
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combatant (such as a cruiser or destroyer) performance-based life cycle model. Currently in 
development, it is being used by the Naval Surface Warfare Center (Carderock Division) in 
Bethesda, Maryland and sponsored by the Naval Sea Systems Command (NAVSEA) in 
Arlington, Virginia . 7 This cost model is sensitive to combat system performance parameters 
(for example, speed, firepower) for predicting the LCC of major surface combatants. The 
developers hope that the cost model will serve as a tool to provide a rough-order-of- 
magnitude (ROM) cost estimate of surface ship design concepts during the analysis of 
alternatives (AO A) process, or to investigate the cost implications of alternative mission 
requirements. The NAVSEA cost model primarily analyzes R&D and production aspects 
of the life cycle cost, and specifically excludes O&S costs. 

Consequently, with no standardized O&S cost-estimating methodology currently 
available for U.S. Navy surface ships, O&S cost estimates are generated on an ad hoc basis 
through the Navy’s cost community. Agencies like the Naval Center for Cost Analysis have 
become historical data collection points and analytical “think-tanks” for the determination 
and calculation of O&S cost estimates. This thesis aims to develop an O&S cost model 
that can be used by cost analysts (as well as “non-cost analysts”) to generate robust annual 
O&S cost estimates for use in such various arenas as LCC estimates, AOAs, and force 
structure analyses. 



7 For further information on this performance-based life cycle model, contact the Naval Surface Warfare 
Center (Code 211), Carderock Division (HME systems), 9500 MacArthur Blvd., W. Bethesda, MD 20817. 
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c. 



THE NAVAL CENTER FOR COST ANALYSIS 



By direction of the Secretary of the Navy, the Naval Center for Cost Analysis 
(NCCA) was established on October 1, 1985. Its mission is "to guide, direct and 
strengthen cost analysis within the Department of the Navy (DoN); to ensure the 
preparation of credible cost estimates of the resources required to develop, procure and 
operate military systems and forces in support of planning, programming, budgeting and 
acquisition management; and to perform such other functions and tasks as may be directed 
by higher authority." (NCCA) NCCA is one of four DoD cost centers which develop CCA s 
and ICEs for MDAPs. 8 

NCCA also maintains a working relationship with the OSD CAIG. This enables 
NCCA to remain aware of the cost risks in an MDAP, thereby permitting any concerns to 
be identified and resolved prior to the CAIG and Defense Acquisition Board (DAB) 
briefings. Lastly, one of NCCA’ s vital functions is to manage the DoN portion of the 
congressionally-mandated Visibility and Management of Operating and Support Costs 
program. 

D. VISIBILITY AND MANAGEMENT OF OPERATING AND SUPPORT 

COSTS 

The Visibility and Management of Operating and Support Costs (VAMOSC) 
database is one source of historical cost data specifically directed by DoDD 5000.4. 9 A 
historical data collection system, VAMOSC records O&S costs in a well-defined, structured 

8 The three other DOD cost centers are the OSD CAIG, the U S. Army Cost and Economic Analysis Center, 
and the U.S. Air Force Cost Analysis Agency. 

^ DODD 5000.4 requires that historical data be used to identify and allocate functional costs among major 
defense systems and subsystems. 
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approach for most DoD major weapon systems (a U.S. Navy surface ship is considered a 
“major weapon system”). One of VAMOSC’s objectives is to enhance the visibility of O&S 
costs for these systems for use in DoD cost analyses. By authority of the OSD CAIG, 
validated VAMOSC data should be used to calculate the O&S costs of a major weapon 
system unless some other sources or databases are clearly more appropriate. The data is 
intended to be used as a basis for decisions concerning affordability, budget development, 
support concepts, cost trade-offs, modifications, and retention of current systems. The 
OSD CAIG, responsible for VAMOSC implementation and guidance, also encourages use 
of the data to develop cost estimates for future systems. (OSD CAIG) 

The Individual Ship Report (ISR) of the Navy VAMOSC database which was 
provided for this study contained thirteen years of historical data for 417 individual ships 
distributed among 77 ship classes, and forms the basis for the data analysis and cost model 
formulation. The estimated total annual O&S cost for each ship is broken down into four 
primary component cost elements: (1) direct unit cost; (2) direct intermediate maintenance 
cost; (3) direct depot maintenance cost; and (4) indirect O&S cost. Appendix A illustrates 
the complete cost element structure (CES) defined by VAMOSC. A summary description 
of the four primary ship O&S cost components and their associated sub-elements follows 
from detailed discussion in Navy VAMOSC Individual Ships Report (ISR) for fiscal year 
1995 (see List of References). 
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